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Abstract 
Reared in (tubular) aquaria containing different depths of water, 
OphiocephaJus striatus (0.7 g, 4.5 cm body length), an obligatory 
air·brea thing tropical fi sh, swam long or shon distances to enable 
themselves to exchange atmospheric air. In eaeh tested depth 
(2.5,5.0, 15.5, 31.0 and 40.0 em) series, one group was starved. 
while the other was fed ad libitum twice a day on fish muscle. In 
the shallowest water (2 .5 em depth), the feeding group surfaced 
1,294 times, travelling 64.7 m at an energy cost of 20A mg dry 
fish substance / g live fish /day, against those exposed to the 
deepest water (40 em depth), which expended 35.8 mg/ g/ day, 
swimming I ,503A m on 1,879 visits to the surface. The starving 
group surfaced only 482 times, travelling 24.1 m at an expense 
of 5.8 mg / g/ day in the shallowest water, while those at 40 cm 
depth surfaced 504 times, swimming 403.2 m at an energy cost 
of 7A mg/ g/day. Owing to the sustained swimming activity and 
the consequent fatigue , the test individuals belonging to both 
groups in all the tested series 'hang' to the surface for a definite 
interval, repaying the O2 debt. Observations were also made to 
assess the duration of'hanging' to precisely estimate the distance 
travelled. Irrespective of changes in depths ofwatcr, the duration 
of'hanging' [0 su rface was on1y 3.0 hr/ day forthe fcedinggroups, 
wttile it was as much as 15.5 hr/ day for the starving groups. The 
maximum sustained metabolic level of O.striatus reared in 
40 em depth was equivalent to 1.23 ml 0 2/ g/ hr, which is about 
2 times higher than the value reponed fo r the active metabolism 
of swimming Oncorhynchus nerka at 15°C in Brett's (1964) 
respiromete r. O.striatus reared in 2.5 em depth fed 32.0 mg and 
converted 6.7 mg dry food / g live fish / day. while those exposed 
to the deepest water fed 49.1 mg, but converted only 5.5 
mg! g/day. Culturing obligatory air·breathing fishes in shallow 
waters will be advantageous. 
Dr. W. Junk b. v. Publishers· The Hague, The Netherlallds 
Introduction 
There exists an enormous body of literature on metabo· 
lism of fishes as studied by oxygen consumption (Fry, 
1947,1957, 1971; Winberg, 1956; Brett, 1970, 1972). Since 
standard metabolism relates to 'maintenance energy cost' 
of nonfeeding, nondigesting, nongrowing, nonactive fish, 
Winberg (1956) rightly appealed for more studies on active 
metabolism. Studies on -active metabolism required 
exercising apparatus and techniques, such as grids or 
electrified fields, to ensure a high sustained level of activ ity 
(Fry, 1957; Basu, 1959). Of late, more advanced respiro-
meters with exacting hydrodynamic designs were con-
structed to study the relation between maximum sus-
tained oxygen consumption and swimm ing speed. These 
respiromelers took the form of recirculating, tubula r 
water tunnels, which could be used in open or closed 
circuit (Blazka, Volt & Cepela, 1960; Brett , 1964; Farmer 
& Beam ish, 1969). 
Feed ing·rate and conversion efficiency est imates are 
considered better parameters for assessing metabolic 
rates and efficiencies (Kinne, 1960). They provide I. less 
restricted ma~ntenance conditions during feeding 
experiments, 2. the possibility of repeatedly observing one 
and the same individual over a long period of time, l the 
possibility of measuring the. effects of quantitative and 
qua litative feeding on metabolism (Paloheimo & Dickie, 
1966 a,b) and 4. the possibility of measuring total metab-
olism including the energy expended on part or total 
anaerobiosis (Kutty, 1968, 1972; Blazka, 1 958~ however 
see also Brett , 1973). Food intake is one of the most potent 
factors , regulati ng the level of metabolism (Smith , 1 935~ 
Beamish & Dickie, 1967; Solomon & Brafield, 1972) a nd 
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Table I . Effects of feeding, starvation and swimming activity on different metabolic parameters in Ophiocephalus 
Depth or 
2.5 5.0 
Starved Jo'od Starved Fo ct StarvGd 
Number o£ vi>dts/d ay 482 ! 2401 1;,:94 ! 105.6 439 ! 24.1, 1) 17 :': 15a.4 446 ! 19. 2 
Di..'3tance travelled 
(m/day) 24. 1 ! 1.20 64 .7 ! 5 . 20 4) .9 ! 2.4q lJ1. 8 :': 15.~4 138 .4 :': 5.95 
t Hanging , d uration 
(nr/day I U.2 :': 1.21 ,.4 ! i . u9 14.7 ! 1.03 3 . 2 ! 0.67 15.8 :': 1. 18 
Currected d i.stance 
travelled lm/day) 10.8 :': 1.14 44.7 :': 5.04 17 .1 :': 2.34 114 .2 ! 15.3a 47.5 :': 5.65 
.feed~ng rate 
(mr;/g/day) 32.0 ! 4.21 35.4 ! 1.47 
Absorption rate 
(mg/c!day) 27 .1 ! 4.2 1 29 .a :': 1.71 
Conv ... rsion rate 
(mg!g/day) -5.a ! 0.21 +6.7 ! 0 • .52 - 5.6 :': 0.29 +7.0 ! 0 .27 -6.6 ! 0.;!0 
• Netabolic rate 
(mtJ/g/day) 5.8 :': 0 . 21 2u .4 ! 3.69 5.6 :': 0.2';1 22.8 :': 1.44 6.6 ! . 0.20 
(m1 °2/dhr ) • 0.2 :': 0.01 0.8 :': 0 . 14 0.2 :': 0.0'. 0.9 :': 0 . 06 0 .3 ! 0.01 
Abso rp tion ei"i"iciellcy (M 85 .1 :': 0 .53 84 . 0 :': 2.6 1 
Conversion ' c1'f"ic ioncy 
(K2 ) (%) 24.0 :': 1.20 ;!J.5 ! 1. 12 
• Calculated subtractine; the dry weight equi.valents of" conversion rate f"rom that of" ub.!<orption 
• Calculated cO!lsi.deri.ng the expenCli.ture Of' 4.8 cal energy as t'quivalent to I ml 01' 02 uptake 
growth (Brown, 1957; Kinne, 1962). Offering different 
ration levels, Pandian & Raghuraman (1972), and Raghu-
raman (1973) have recently studied precisely the energy 
cost of basal, maintenance (basal metabolism + energy 
cost of alimentation), and active metabolisms in the fish 
Tilapia mossambica as a function of salinity. 
For studying active metabolism, as determined by 
feeding rate and conversion efficiency estimates, we have 
chosen Ophiocephalus strialuS, an obligatory air-
breathing tropical fish (Johansen, 1970). By rearing 
the fish in cylindrical aquaria containing different depths 
of water, the fish were forced to swim longer or shorter 
distances per unit time for exchanging atmospheric air. 
For instance, in aquaria containing the maximum (40 
cm) water depth offered, the (feeding) fish surfaced once 
in 46 ± 6.0 sec.; the to and from swimming activity 
required a total period of lO±I. 7 sec. to cover the distance 
of about 80 em. Except for the regular interval of about 
)6 sec. resting at the bottom, the fish was observed to 
exhibit a maxi~um sustained swimming activity, i.e. in 
effect, it was more or less continuously and actively 
swimming, as if kept in Fry's or Brett's respirometer; in 
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addition to this, the design of the experiment permitted 
long tenn feeding and growth studies. 
Material and methods 
Fingerlings of Ophiocephalus striatus (750 ± 70 mg; 4.5 ± 
0.5 crn) were collected from Lake Idumban (Palni), while 
swimming along their parents; obviously, they belonged 
to the same brood. They were brought to the laboratory 
and acclimated to laboratory conditions and feeding 
schedules. For experiments, cylindrical (7.6 cm 
diameter) aquaria (capaci ty: 2.5 I) were chosen to 
minimize swimming activity in horizontal direction. Five 
se ries of individ uals were exposed to 2.5 , 5.0, 15 ,5,)1 .oand 
40.0 em water depths (respective water volumes: 0.15, 
0.2, 0.7 , I. 3 and 1.8 I) ; in the last ) series, the test 
individuals travelled about 6, 13 and 17 times the ir total 
body lengths, when they returned to the maximum depth 
available after each surfacing. 
Each series com prised 2 groups: one was starved; the 
other was offered excess food twice a day, for a period of 
striatus. Each value re presents the average performance of 3 to 6 individuals maintained for a period Of21 days at 27° C. 
vater (em) 
15.5 )1.0 40.0 
Fed Starved Fed Starved Feu 
1510 , 144. 0 466 , Z8.8 1798 , lZ2.4 504 ! N . o 1879 ! ,46.4 
468.0 , 44.64 Z90.Z , 17.86 1114.5 , 75.89 40J.z , 19 . 20 150).4 , 111.1Z 
3.0 , 0 .84 17.0 , 0 .64 2.5 , 0.,59 14. ) , I. Z0 3.0 ! 1.00 
408.7 , 4).11 85. 1 , 17.42 999.) , 74.00 147. 8 , 18.24 1]17.9 , l1Z.20 
4).z , 4.1) 47.8 ! 1.)6 49.1 ! )oSO 
Jli.8 , 6.41 )9.9 ! 1.6z 41.) ! z.90 
+6 .2 , 0 . 2 1 -7.1 ! 0 .14 +5.6 ! 0 . 2Z -7.4 ! 0.16 +5 .5 ! 0.50 
z8.6 ! 6.20 7.1 ! 0 .14 )4.J ! 1.40 7 . 4 ! 0.16 )5.8 ! 2.40 
1.1 ! 0 . 24 0.3 ! 0.01 1.3 , 0.06 0.) ! 0.0 1 1.4 ! 0 . 09 
BO . 5 ! J .ll B).6 ! 1.60 B).9 ! 0.2) 
18.0 ! 1.21 14.0 ! l.Z) 13.3 ! 1.)0 
rate 
(ENGELMA~~, 196~ oaloririo value of Q.striatus reported to be 4500 cal/~ dry weight (PANDIAN , 1967a) 
• 
• 
I hr each; small muscle pieces of the fish Tilapia 
mossambica were used as food. Care was taken to collect 
unfed food remains with a pipette causing least 
disturbance to the fish and suitable corrections were made 
for body nuids lost by the muscle pieces during a I hour 
feeding period. Faeces were collected by filtering the entire 
aquaria once in 5 days. The 'Sacrifice method' (May-
nard & Loosli , 1962) was used for detennining the water 
content of the test individuals of both groups in each 
series before commencement of the experiments. 
Experiments were conducted in a laboratory- where 
except for feeding and observations - the re was no 
disturbance. The number of visits to the surface by each 
test individual was observed for a known period of time 
(10 to 15 min), 4 times a day at 7 am, I pm, 7 pm and II 
pm. The distance travelled per individual per day was 
estimated by multiplying the mean number of visits per 
unit observation time with twice the depth of water. 
Observations were made daily for a period of 21 days; 
since observations were made on 3 to 6 individuals in each 
of the 2 groups belonging to 5 different series, each value 
presented in Table I represents the average (swimming) 
perfonnance of a minimum of 336 observations. 
Estimations of dissolved oxygen content and pH of 
each aquarium water was made once in 5 days; oxygen 
content values ranged between 4.1 and 5.0 ml/ l; the pH 
values between 7.7 and 8·7· 
Results and discussion 
Table I presents data on the effects of different wate r 
depths on metabolism and activity offeedingand starving 
individuals. Individuals of the feeding group increased the 
number of visits from 1,294 times /day, when kept at a 
depth of 2.5 cm to 1,879 times / day, when exposed to a 
depth of 40.0 cm. Correspondingly, the distance travelled 
increased from about 64.7 m/ day to 1,50304 m/ day, i.e. 
a 23 folded increase. On the other hand , the starving 
groups surfaced about 467 times / day, irrespective of the 
changes in the depth of water; however , those exposed to 
40.0 em depth swam 403.2 m/day, against 24.1 m/day by 
those exposed to 2.5 cm depth. 
The increased swimming activity requiring a greater 
amount of oxygen uptake induced the fish to surface 
more frequently in the feeding groups; alternatively, the 
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starving groups maintained a constant number of visits/ 
da y; ye t, it was not poss ible for the starved fish in dee per 
waters to red uce the number of visits, although they had 
to swim over longer distances. Therefore, the starving fi sh 
in 40.0 cm depth increased thei r swimming activity over 
a 17 times longer distance, involvingan expenditure of7.4 
mg d ry fis h substance / g live weight / day on the minimum 
energy cost of li ving; by comparison those exposed to 2.5 
em depth expended 5.8 mg / g/ day. 
Close observations made on individuals of O.slrialUs in 
some preliminary experiments for over '12 hr, revealed 
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that at times the fish were 'hanging' to the surface for a 
definite period before they returned to the bOllom . In 
addit ion to the branchial respi ratio n, ' ha nging' to the sur-
face permits this obligatory air-breathing fish to exchange 
gas wi thout vertical movement. Such 'res ting du rat ion' 
may be regarded as a condition, in which the accumulated 
'oxygen debt' and the resulting 'fat igue' had reached the 
maximum th reshold (Brett , 1972); the exhausted fish 
'hangs' to the surface, repaying its oxygen debt; it 
exchanges respiratory gases without swimming act ivit ies 
and perhaps active metabolism. 
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Fig. I. Effect of water depth on rales offceding, absorp tion and conversion in OphiocepllllJus 
stria/liS. Eaeh value represents the average performance of 3 to 6 individuals (mean ± SO) 
fed ad libit um, twice a day on muscle pieces of TiJapiu mO.5Sambica. 
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In order to assess the approximate duration of 
'hanging' simultaneous observations were made on the 
test individuals at least twice a day (at I pm and II prn) 
over a period of 20to 30minutes . The duration of'hanging' 
was only about 3.0 hr / day for feeding fish, while it was as 
much as about 15.5 hr / day for the starving individuals of 
the series exposed to 5.0, 15.5, 31.0 and 40.0 em depths of 
water; the corresponding values for fish in shallow water 
(2.5 em depth) were 7-4 and 13.2 hr / day. Using these 
values, the data obtained for the distance travelled have 
been corrected (Table I). 
Since the 'hanging' duration was instant at about 3 
hr/ day in the feeding groups and at about 15.5 hr / day in 
the starving groups exposed to 5-40 em depth, it appears 
that the differences in the distance travelled have no 
significant effect on the duration of 'hanging'. However, 
feeding lets the fish to promptly release energy without 
frequent built-up of fatigue; in starving fish, the energy 
expenditure seems to be frequently reduced and fatigue 
dominates and hanging periods increase in duration. The 
duration of 'resting period' increases with increasing 
intensity of starvation; for instance, the starving fish 
exposed to 40 cm depth 'hanged' to the surface for an 
average period of 8. 2 hr ,! day during the first 5 days of star-
vation . From the 10th day of fasting, the fish prolonged 
the 'resting period' by 'hanging' to the surface for 17.4 
hr / day (Vivekanandan, unpublished). 
Feeding rate steadily increased from 31 .o± 4.21 mg dry 
food / g live fish / day in fish exposed to 2.5 cm depth to 49. I 
± 3.50 mg dry food / g live fish / day in fish exposed to 40.0 
cm depth. Feeding rates of fish exposed to 31.0 and 40.0 
cm fish are statistically not different (t = 0.50; P>O.lO); the 
same is true in regard to the number of visits (t = 0.73; 
P>o.JO). The initial steep increase in food consumption 
approached an asymptote , when the fish was exposed to 
over 30.0 em water depths (Fig. I). Food absorption effici-
ency averaged 83A% and did not appreciably vary between 
these groups (despite more than 50% increase in ration 
levels; see also Gerking, 1955, 1971; Pandian, 1967 b); 
hence the trend obtained for absorption rate as a function 
of depth ofwaler is parallel to the one obtained for feeding 
rate against depth of water. 
Both conversion rate and conversion efficiency (Kz) 
decreased from 6.7 mgdry food / g live fish / day and 24.0% 
in those exposed to 2.5 em depth to 5.5 mg dry food / g live 
fish / day and 1),3% in those exposed to the maximum 
tested depth of water, respectively. Consequently, cultiva-
tion of obligatory air-breathing fishes like o.stria/us in 
deep waters would result in poor conversion efficiencies 
and slow growth rate, despite the increased food con-
sumption. Fish exposed to shallow water (2.5 em depth) 
need to swim only 64.7 m / day at an eX:pense of 20A 
mg j g/ day, those in the deepest water must swim 1,503.4 
m/ day and spend 35.8 mg / g j day. Again, the d ifference 
in the amount of energy spent on metabolic processes by 
test groups exposed to 31 and 40 em is not statistically 
significant (t = 0.54; P>O. 10) and hence, an expenditure of 
35.8 mg j g/ day, which is equivalent of 1.4 m} 02 / g / hr on 
metabolic processes, may be considered as 'the maxi-
mum sustained active metabolic level' (Brett, 1972) of the 
fish O.striarus under the present experimental conditions. 
This value may be compared with that of 0.63 ml O2/ gj hI' 
reported by Brett (1964) for active metabolism of 50 g 
sockeye salmon Oncorhynchus nerka at 15°C; Brett's 
va lue for active metabolism of o.nerka, as estimated by 
oxygen uptake, is one of the highest values reported in the 
literatur~, but is less than half of that assessed for Ophio-
cephafus striatus from feeding rate-conversion estimates. 
The possible reasons for this discrepancy are discussed in 
the ensu ing paragraphs. 
Both fed and starved groups of all test series were starved 
one day before the beginning of the experiments. While 
the starving groups progressively reduced their minimum 
2500 1500 
2000 ~ 1200 <;> • 0 il • 
> 1500 <: ~ 900 0 < 
• :!, .~ 
• ., 
"-
" 
1000 roo 3' 
Z a: Ht.. T 0 E ~ 0 z 500 ! ,+~g.!~!+.~" 300 
"u·oQ...r·-a-Qo-II 
o 4 8 12 1& 24 
Day 
Fig. 2. Effects of feeding and starvation on the number of visits 
to the surface for exchange of atmospheric air and the distance 
travel!ed by the fish Ophiocephafus stria/us reared in aquaria 
containing 3 [.0 cm depth of water at 27°C. Each value represents 
the average performance of 3 to 6 individuals (mean ± SD). 
observed for 10 to 15 minutes, 4 times a day, for a period of 21 
days. 
37 
activities, the feeding groups steadily increased their 
locomotory performance (e.g. from the series in 31 em 
depth; Fig. 2). Consequently, feeding rates modify 
swimming activity directly; but changes in water depth 
only secondarily modifies the effects of feeding levels on 
swimming activity. Scientists like Brett (1964), who 
used more advanced respirometers for measuring maxi-
mum sustained oxygen consumption of swimming fish 
have considered active metabolism as the level of O2 
uptake displayed by the test individuals starved for more 
than 36 hours. On the very 2nd day of the experiment, the 
distance travelled by the feeding group of the series 
exposed to 31 em depth was over 1,101 m / day, as against 
408 m/ day by the starving group (Fig. 2), i.e. the swim-
ming activity of the feeding group was over 2 Y2 times 
higher than those just starved for 2 days. If the difference 
between the activity levels of the feeding and sta rving 
O.striatus was true for Oncorhynchus nerka too, the 
maximum sustained O2 uptake level (0.63 ml 02/ g/ h r~ 
Brett , 1964) of the starved (for 2 days) swimming O.nerka 
is likely to be an underestimate bya factor of about 2.5. In 
fact , Muir, Nelson & Bridges ( 1965) have shown that 
oxygen consumption of the aholehole, Kuh/ia sand-
vicensis (44 g), maintained at a constant level of activity 
(swimming at a speed of 0.23 body lengths / sec) decreased 
from about 0.14 ml 02/g/hr just after feeding to about 
0.07 m l 02/g/hr, 2 days after feeding. Feeding (Smith, 
1935; Solomon & Brafield, 1972) and the consequent 
alimentation processes (Raghuraman, 1973) elevate the 
metabolism; had Brett estimated the O 2 uptake offeeding 
O.nerka, it is possible that the fish displayed a higher 
metabolic level than the one reported by him for the 
starving O.nerka. 
For want of data on the quantities of ammonia , urea 
and other so luble excreta produced, metabolic rate of 
O.slriatus was determined subtracting faecal losses and 
change in dry body substances from the dry food eon-
sumed, i.e . absorbed food energy has been assumed to be 
equivalent to metabolizable food energy. From the values 
reported by Solomon & Brafield (1972), who made 
simultaneous measurements on feeding, defecation, 
excretion, respiration and growth of the perch Perea 
jluviatilis fed a ration in excess of maintenance require-
ments of Gammarus pulex at 14°C, the mean excretory 
energy lost per unit weight of consumed food was recal-
culated to amount 9.85% (of the 3 suitable va lues reported 
by them, one unusually high value 31.4% was not con-
sidered) . Therefore, the metabolic rate of a feeding group 
of O.striatus exposed to different depths may be an over-
estimate by about 10%; for instance, the metabolised food 
energy for the feeding group exposed to 40 em depth, 
which absorbed food at the rate of 41.3 mg/ g/ day, will be 
37.1 mg / g/ day and the consequent corrected metabo lic 
rate should be 1.23 ml O, /g/ hr. By comparison, this high 
metabolic rate of O.strialus is about 2 times higher than 
Brett's value (0.63 ml 0 2/ g / hr) for O. nerka. It may also 
be pointed out that the o.striatus used in the present study 
weighed only 0.75 g and o.nerka used by Brett 50 g.1t is 
well known that with increasing body weight metabolic 
rate decrease (see Zeuthen; 1947; Pan dian , 1967 a). 
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